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METHOD AND MACHINE FOR OBTAINING BENT GLASS SHEETS 

The present invention relates to techniques for 
obtaining bent glass sheets. 

5 

More specifically, the invention relates to those of 
these techniques in which the glass sheets are made to 
travel over at least one shaping bed consisting of 
shaping rods, for example rotating elements arranged 
10 along a path having a curved profile in the direction 
of travel of the glass sheets. 

The invention applies for example to the production of 
automotive glazing, for example of the side window 
15 type. 

Such bending techniques are currently employed at very 
high production rates due, in particular, to the 
possibility of moving the glass sheets along with a 
20 spacing of just a few centimeters between them. They 
allow very good repeatability of the curvature and of 
the optical quality of the end glazing. 

Bending methods and machines are described for example 
25 in EP-133 113, EP-133 114 and in international 
application PCT WO 99/12855. In a known way, the glass 
sheets are brought to their softening temperature and 
then they travel in an ascending manner through a 
shaping bed which has a quarter-circle profile or a 
30 profile which is less than a quarter of a circle, in 
which shaping bed they enter horizontally into a 
tangential manner and which imparts the desired 
curvature to the glass sheets. 

35 Once the sheets have been shaped, they are tempered or 
cooled in order to be hardened, and then a tilting 
device makes it possible to replace them horizontally, 
on leaving the shaping bed, on a conveyor carrying them 
toward a second cooling zone and then toward the exit 
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zone . 

This bending method has various disadvantages. 

5 The first is that, because of the limited length of the 
shaping bed, it is necessary to find a compromise 
between productivity in respect of which the speed of 
movement through the shaping bed is increased, and the 
properties of the glass, in particular the optical 
10 properties of the glass, in respect of which it is 
necessary to increase the time it takes to pass through 
the shaping bed, whether for shaping the glass sheet or 
for hardening it, in particular the tempering 
operation . 

15 

The second is that the tilting device situated at the 
exit from the shaping bed must be regulated precisely 
on each occasion that the thickness of the glass sheets 
is modified, since the last two roller/backing roller 

20 pairs of the bed need to pinch the rear end of a glass 
sheet which is in a vertical position in order to tilt 
it with the aid of a mechanical system onto the 
conveyor until it is in a horizontal position. Such 
pinching may mark the glass sheet. Furthermore, the 

25 pinching rollers may develop mechanical problems and 
problems of wear. Such a pinching device is described 
in EP 346198 . 

The present invention provides a solution to these 
30 various problems. To this end, the inventors have 
envisioned prolonging the shaping bed and provided 
means so that the glass sheets are arranged on the 
conveyor in the direction of the exit zone without 
being pinched. 

35 

Thus, to solve the two main disadvantages of the prior 
art method, the shaping bed has been prolonged along 
the initial arc until extending over a circular arc of 
more than 90°, allowing hardened sheets to return in 
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the opposite direction to that in which they arrived. 

On leaving the shaping bed, the glass sheet is no 
longer pinched but it tilts or drops directly into a 
5 position in which it can be conveyed by the conveyor in 
the direction of the exit zone. 

Furthermore, on leaving the shaping bed, the glass 
sheet is moved in a direction opposite that of the 
10 conveyor by which it entered. This arrangement thus 
also allows savings in ground space to be made. 

The invention offers the additional advantage of making 
it possible to modify an existing installation which 
15 might have a shaping profile extending over an arc of 
less than 90°, by envisioning prolonging the latter 
following the initial curvature. 

The subject of the present invention is therefore 

20 firstly a method of manufacturing bent glass sheets, in 
which glass sheets are brought to their- softening 
temperature, then they are caused to travel over a 
shaping bed consisting of elements for advancing them 
which are arranged along a path having a circular arc- 

25 shaped profile, the sheets being bent in their 
direction of advance over the bed according to the 
radius of curvature of the bed and also being able to 
be bent in the direction transverse to the preceding 
direction depending on the shape chosen for the 

30 advancing elements, the sheets progressively assuming 
their shape on entering the shaping bed and over a 
first zone, termed shaping zone, then being hardened by 
tempering or cooling in a second zone of the shaping 
bed until they leave, and then the bent glass sheets 

35 thus obtained are recovered, characterized in that a 
shaping bed is produced with a profile extending in a 
circular arc of more than 90°, and in that, on leaving 
the shaping bed, the hardened glass sheets are moved in 
a direction opposite that in which they were fed in. 
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Preferably, the glass sheets are brought horizontally 
to the shaping bed, and they are also conveyed 
horizontally on leaving the shaping bed. 

According to a first variant, the glass sheets are 
caused to travel along a flat trajectory in a heating 
furnace so as to bring them to the softening 
temperature, then along the curved trajectory of the 
shaping bed, tangential to the aforementioned flat 
trajectory. 

According to a second variant, a prior bending 
operation is carried out by sagging the glass sheets 
15 brought to their softening temperature before causing 
them to travel over the shaping bed. 

According to a first embodiment of the method according 
to the present invention, the glass sheets are caused 

2 0 to travel over the shaping bed along an ascending path, 
backing rollers being associated with the forwarding 
elements of the shaping bed in every zone thereof in 
which the sheets need to be retained, and each hardened 
glass sheet is overturned on release from the last 

25 roller/backing roller pair associated with the shaping 
bed, the sheets thus overturned being received by a 
conveyor belt and then taken over by a roller conveyor 
with the aim of transferring them toward the exit 
point . 

30 

It is thus possible to overturn a hardened glass sheet 
by causing it, on its release, to be projected under 
the effect of its speed so that it strikes, by way of 
its front lower end edge, against the upper part of an 
35 idle roller whose axis is parallel to that of the 
forwarding elements of the shaping bed, the hardened 
glass sheet then tilting about this line of contact 
with the idle roller under the effect of its weight so 
that it drops onto the reception conveyor belt in the 
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overturned state. 

It is also possible to overturn a hardened glass sheet 
by causing it, on its release, to be projected under 
5 the effect of its speed so that is applied, by way of 
its lower face, to a roller, preferably an idle roller, 
whose axis is parallel to that of the forwarding 
elements of the shaping bed, by blowing air under the 
sheet in the region situated upstream of its line of 
10 contact with said roller, in order to tilt said 
hardened glass sheet about said roller so that it drops 
down onto the reception conveyor belt in the overturned 
state . 

15 According to a second embodiment of the method 
according to the present invention, the glass sheets 
are caused to travel over the shaping bed along a 
descending path, backing rollers being associated with 
the forwarding elements of the shaping bed in every 

20 zone thereof in which the sheets need to be retained, 
and the hardened glass sheets are recovered on leaving 
the shaping bed by being simply deposited on a conveyor 
belt and then taken over on a roller conveyor or by 
being directly deposited on a roller conveyor with the 

25 aim of transferring them toward the exit point . 

In the first aforementioned embodiment and, if 
appropriate, in the second aforementioned embodiment, 
perforated or multi-strap conveyor belts are 
30 advantageously used so as to allow cooling by blowing 
in air from underneath onto the lower face of the 
transported glass sheets. 

It is possible to choose the advancing elements of the 
35 shaping bed from among rods having an axis of symmetry, 
such as cylindrical, conical and waisted/barreled rods, 
and rotating on themselves, and cambered or curved 
elements which are surrounded by rotating tubular 
sleeves, the shapes of said advancing elements being 
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able to change along the shaping zone of the shaping 
bed . 

All these types of advancing elements of the shaping 
5 bed have been described in the patent literature. There 
may thus be mentioned European patents EP-143 691 and 
EP-148 043 describing curved rollers in handlebar form, 
EP-413 619 describing cambered elements, EP-415 826 
describing waited/barreled rollers, and EP-474 531 
10 describing conical rollers. 



The bending operation is advantageously carried out 
with a radius of curvature of the shaping bed, that is 
to say of a line parallel to the direction of travel, 
15 of 1 to 2 meters, and a radius of curvature of a line 
perpendicular to the direction of travel of 5 meters to 
infinity. 

Advantageously, glass sheets which have assumed their 
20 shape at a temperature of 600 to 700°C are caused to 
travel. 

In order to harden the bent glass sheets, they are 
subjected to tempering in the tempering zone of the 
2 5 shaping bed by exposing them to air at a pressure of 
0.98 x 10 4 Pa to 2.94 x 10 4 Pa (1000 to 3000 mm water 
column) . 



According to a possibility as described in French 
30 patent application 02 12577 in the name of the 
Applicant company filed on 10 October 2002, air is 
blown in continuously over at least one face of the 
glass sheets having begun to be shaped and before they 
enter the cooling or tempering zone, under conditions 
35 capable of asymmetrically influencing the final 
concavity of the bent glass sheets by comparison with 
the concavity that the final bending would have given 
without said blowing. 
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The method according to the invention makes it possible 
to carry out the bending operation on glass sheets 
having a thickness in particular of 1 to 6 mm. 

5 It is possible to adjust the distance between the glass 
sheets on the shaping bed to a value of 2 to 20 cm. 

It is possible to obtain hardened bent glass sheets at 
a rate of at least one sheet every four seconds, in 
10 particular of one sheet per second. 

Another subject of the present invention is a machine 
for bending glass sheets comprising means for causing 
glass sheets which have been brought to their softening 

15 temperature beforehand to travel over a shaping bed 
consisting of elements for advancing them which are 
arranged along a path having a circular arc -shaped 
profile, characterized in that the shaping bed extends 
over a circular arc of more than 90°, and in that means 

20 are provided for taking over the bent glass sheets, on 
leaving said shaping bed, in a direction opposite that 
in which they were fed in. 

In the case that the path of travel of the glass sheets 
25 is designed to be ascending, the means for taking over 
the glass sheets comprise means for overturning the 
latter before they are recovered on a conveyor belt. 

According to a first variant, the overturning means 
30 consist of an idle roller whose axis is parallel to 
that of the forwarding elements of the shaping bed, 
arranged at a height such that the glass sheets ejected 
from the shaping bed strike, by way of their front 
lower end edge, against the upper part of said roller. 

35 

According to a second variant, the overturning means 
consist of a roller, preferably an idle roller, whose 
axis is parallel to that of the forwarding elements of 
the shaping bed, arranged at a height such that the 
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glass sheets ejected from the shaping bed are applied 
to said roller by way of their lower face, means being 
provided, such as air-blowing means, to tilt the 
hardened glass sheet about said roller. 

5 

In the case that the path of travel of the glass sheets 
is designed to be descending, the means for taking over 
the glass sheets consist of recovery means in the form 
of a conveyor belt or roller conveyor. 

10 

The conveyor belts are advantageously perforated or 
multi -strap conveyor belts. 

The advancing elements of the shaping bed may be of any 
15 type, examples being mentioned above. 

Backing rollers are advantageously associated with the 
advancing elements of the shaping bed in every zone 
thereof in which there is a requirement to retain the 
20 glass sheets. 

Moreover, the machine according to the invention 
advantageously comprises means for tempering or cooling 
the glass sheets once they have been shapmed, said 
25 means consisting particularly of tempering blow-boxes 
each comprising nozzles arranged in arrays and directed 
between two adjacent forwarding elements of the shaping 
bed. 

30 Such blow-boxes are described in international 
application WO 99/12855. 

The machine according to the invention may additionally 
comprise at least one nozzle for continuously blowing 
35 in air, arranged at a point on the line of travel of 
the sheets after the sheets have begun to be shaped and 
before they enter the cooling or tempering zone, the 
nozzle or nozzles being arranged so that air is blown 
asymmetrically onto said sheets and adjusted so that 
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the blowing of air influences the final concavity of 
the bent glass sheets by comparison with the concavity 
that the final bending would have given without said 
blowing . 



The present invention relates finally to bent glass 
sheets obtained or capable of being obtained by the 
method as defined above. 

10 In order to better illustrate the method and the 
machine according to the present invention, a number of 
specific embodiments thereof will now be described by 
way of non-limiting illustration with reference to the 
appended drawing, in which: 
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figure 1 is a schematic representation in side 
view of a prior art bending/tempering machine in 
which a glass sheet travels through a heating 
furnace, then through an ascending shaping bed, 
and then, on leaving, through a secondary cooling 



zone ; 



25 



figure 2 is a schematic representation in side 
view of a bending/ tempering machine according to a 
first embodiment of the invention, in which a 
glass sheet passes through an ascending shaping 
bed; 



30 



figures 3 to 7 are schematic representations of 
the trajectory of the bent glass sheet on leaving 
the ascending shaping bed according to a first 
variant of this first embodiment of the invention; 



35 



figures 8 to 11 are schematic representations of 
the trajectory of the bent glass sheet on leaving 
the ascending shaping bed according to a second 
variant of this first embodiment; 



figure 12 is a schematic representation in side 



view of a bending/tempering machine according to a 
second embodiment of the invention, in which a 
glass sheet travels through a descending shaping 
bed . 

5 

Figure 1 represents the route taken by a glass sheet 
through an installation for bending it according to the 
prior art . 

10 The glass sheet 1 passes first of all through a heating 
zone 2, in which it is carried on a horizontal conveyor 
3 consisting of a series of drive rollers 4. On leaving 
the heating zone 2, the temperature of the glass sheet 
1 is greater than or equal to its bending temperature. 

15 

The glass sheet 1 then enters the shaping zone 5 of the 
shaping bed 6 in which rollers 7 are mounted 
longitudinally in a circular arc-shaped profile. The 
rollers 7 thus form an ascending shaping bed which 

20 conveys the glass sheet 1 in the same direction as the 
conveyor 3. In the shaping zone 5, the glass sheets 1 
acquire a curvature according to the radius of 
curvature of the shaping bed that is obtained through 
the action of gravity, optionally of upper backing 

25 rollers, of their speed or else of a combination of 
these factors. 

The shaping zone 5 is followed by a tempering or 
cooling zone 8 in which the glass sheets 1 are caused 

3 0 to harden. The rollers 7 are arranged therein in the 
same circular arc-shaped profile. Backing rollers 9 are 
provided to retain the glass sheets 1. The tempering or 
cooling devices consist of blow-boxes 10 arranged on 
either side of the rollers 7 and backing rollers 9, 

35 thus acting on both faces of the glass sheet 1 so that, 
as they pass between the boxes 10 and depending on the 
blowing pressure chosen, the bent glass sheet 1, 
depending on its thickness, is either tempered or 
simply hardened in the bent position. 
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On exiting the shaping bed 6, the bent glass sheet 1 is 
pinched by the last two pairs of rollers 7 and backing 
rollers 9 and tilts onto a conveyor 11 which transports 
5 the glass sheets in the same direction as the conveyor 
3 of the heating zone 2. 

The glass sheet 1 is then discharged by a flat conveyor 
12 which passes through a secondary cooling zone 13. 

Figure 2 represents the route taken by a glass sheet 
through an installation for the bending operation 
according to a first embodiment of the present 
invention. 

The glass sheet 1 exiting the heating zone 2 enters the 
shaping zone 5 and then the tempering or cooling zone 
8 . The shaping bed 6 forms a circular arc of more than 
90° thus allowing a larger shaping zone 5, and 
consequently better optical properties of the glass, 
and/or a greater cooling or tempering zone 8, resulting 
in correct tempering of the glass sheet 1 . 

On leaving the tempering zone 8, the hardened glass 
25 sheet is overturned by striking against the idle roller 
14 whose axis is parallel to the rollers 7 and backing 
rollers 9 and tilting about said roller 14 so as to 
drop onto the reception conveyor belt 15. 

3 0 The distance between the point of contact of the sheet 
on the roller 14 and the center of the circle of the 
shaping bed is therefore less than, or at the very most 
equal to, the distance between the point of contact of 
the glass sheet on a backing roller 9 and the 

35 aforementioned center of the circle. 

The glass sheet 1 is then conveyed by the conveyor 12, 
which transports it in the opposite direction to that 
of the conveyor 3 and on which the glass sheet 1 
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continues to be cooled. 

Figure 3 to 7 represent the various steps of the 
tilting of the glass sheet 1 according to the 
5 embodiment of the invention represented in figure 2. 

The glass sheet 1 leaving the shaping bed is retained 
by the last two pairs of rollers 7 and backing rollers 
9 while remaining within the prolongation of the 
10 shaping bed 6 (figure 3) . 

Next, the glass sheet 1 is projected under the effect 
of its speed, and the lower edge of its front end 16 
strikes against the upper part of the roller 14 
15 (figure 4) . 

The rear end 17 of the glass sheet 1 drops under the 
effect of its weight onto the conveyor belt 15, which 
causes it to pass below the roller 14 (figures 5 and 
20 6) . 

When the rear end 17 passes below the front end 16, the 
glass sheet 1 tilts and drops in the overturned state 
so as to be conveyed by the reception conveyor belt 15, 
25 then by a take-over conveyor belt 18 toward the 
conveyor 12 (figure 7) . The rear end 17 is then 
situated at the front of the sheet 1 on the conveyor 
12 . 

3 0 According to another variant, the glass sheet 1 leaving 
the ascending shaping bed is caused to tilt about the 
roller 14a as is represented in figures 8 to 11. 

On leaving the last rollers 7 and backing rollers 9, 
35 the glass sheet is projected under the effect of its 
speed and drops onto the roller 14a (figure 8) . 

As a result of a blower exerting an upward blow S on 
the sheet 1 in the region situated upstream of its line 
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of contact with the roller 14a, the rear end 17 is 
raised while the front end 16 drops down and causes the 
glass sheet 1 to tilt about the roller 14a (figure 9) . 
When the front end 16 passes beneath the rear end 17 
5 (figure 10) , the glass sheet 1 drops in the overturned 
state onto the conveyor belt 15 and is driven onto the 
conveyor 12 . 

The front end 16 is then situated at the rear of the 
10 sheet 1 on the conveyor 12. 

Figure 12 schematically represents the route taken by a 
glass sheet 1 through a bending machine whose shaping 
bed has a descending circular profile. 

15 

It can be seen from this figure that the glass sheet 1 
leaving the shaping bed 6 gets directly positioned on 
the conveyor 12, which transports it in an opposite 
direction to that of the conveyor 3 situated at the 
20 entrance to the shaping bed. 

In the same way as for the bending machine according to 
the invention having an ascending shaping bed, the 
descending shaping bed is developed over a circular arc 
25 of more than 90°, thus allowing a greater shaping zone 
5, resulting in better optical properties, and/or a 
greater tempering zone 8, so that tempering can be 
carried out correctly, without damaging the glass sheet 
as a result of pinching. 



